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Introduction: This report gives results of temperature measurements 
in the deep-ocean water and sea-floor sediment, and results of conductivity 
measurements on sediment cores taken with the temperature measurements. 
These measurements were made on VEMA Cruise 23 that left New York City 
July 27, 1966, and returned to New York City on December 15, 1966, spend¬ 
ing the entire time in the North Atlantic. The principal objective of 
these measurements is to determine the geothermal heat flux through the 
sea floor (see for example Bullard, 1954). These measurements are also 
pertinent to studies of water temperature in the deep ocean, and steady- 
state and transient thermal processes at the sediment-water interface. We 
have attempted in this report to present the data in a form that is useful 
to scientists interested in the thermal regime of the deep ocean. 
Instrument Techniques: For a complete description of the instruments 
and techniques used to measure temperature and conductivity in the deep 
sea see Gerard jet al. (1960) and Langseth (1965). A summary of the mea¬ 
surement technique is given below so that the reader can better assess the 
data. 
The Ewing Thermograd: All of the temperature data reported was mea¬ 
sured with the Ewing thermograd. This instrument uses an array of 3 to 5 
thermistor probes mounted along a coring tube to measure sediment tempera¬ 
tures, a thermistor probe to measure water temperature, and a pressure 
gauge to indicate the depth of the instrument in the water. The tempera¬ 
ture and pressure are recorded on 70 mm film as analog traces. The re¬ 




weight at the top of the piston corer. 
Water Temperature Measurements: Water temperatures are measured dur¬ 
ing lowering and hoisting of the thermograd with a bead-type thermistor 
that is mounted in a watertight stainless steel probe. The diameter of 
the probe is about 1.25 mm and its length is 2.5 cm. The probe has a 
time constant of about 0.5 sec in flowing water. This probe is mounted on 
the pressure vessel. During lowering, the water probe points downward so 
that relatively undisturbed water is continually flowing past it. (Lower¬ 
ing rates vary from 100 to 200 meters/minute.) Upon hoisting, the probe 
is in the wake of the core weight. (Hoisting rates are usually 50 to 100 
meters/minute.) 
The water temperature trace on the 70 mm film record has a displace¬ 
ment of about 2.5 cm/°C. The film record can be read with a precision of 
about 0.1 mm. The water probe is calibrated prior to use at sea in a 
constant-temperature bath at 5 or 6 points with a absolute accuracy of 
■£0.05° C. The relative accuracy of calibration between temperature points 
is about +0.005° C. 
Instrument Depth Measurements: The depth of the instrument below the 
sea surface is measured by a pressure gauge. This gauge consists of a cav¬ 
ity exposed to the ambient sea pressure and surrounded by strain-sensitive 
wires. The linearity of the gauge is about 0.35%. The pressure detected 
by the gauge is recorded as a separate trace on the 70 mm film record. 
The sensitivity of this trace is variable but is usually equivalent to 
1500 m/cm in terms of water depth. Thus the resolution of the record is 
' 
. 
about 15 m. Depths during lowering are found by a linear interpolation 
between the surface and bottom readings. The accuracy of depth reading 
is about ±25 m. 
Sediment Temperatures: Temperatures at up to five points below the 
sediment-water interface are measured by means of thermistor probes mount¬ 
ed along the core tube. The thermistor is in the end of a stainless steel 
probe 0.317 cm in diameter. This probe is pressure proof and mounted on 
a steel fin so that it is held about 5 cm from the core tube. The probe 
itself is secured in a plastic (PVC) collar that provides thermal insula¬ 
tion from the fin. The tip of the probe projects about one inch beyond 
this collar. 
To measure sediment temperatures the corer is lowered to within about 
a hundred meters of the bottom and held for a few minutes to allow the 
probes to equilibrate in the nearly isothermal near bottom water. The 
corer is then lowered until bottom contact is made. Upon contact, the 
corer free-falls about 10 ft., penetrating the sediment to depths up to 
25 meters. The corer is left undisturbed in the sediment for about 5 
minutes. During this time temperatures are recorded as the probes equili¬ 
brate with the sediment. The corer is then extracted from the sediment 
and hoisted back up to the ship. 
The sediment probes are calibrated in the same way as the water probe 
described earlier. Temperature gradients in the sediment, which are of 
prime interest, are determined by taking the difference between measure¬ 
ments in the water near the bottom and in the sediment after equilibration. 
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Thus in determining gradients we depend only on the relative calibration 
accuracy which is +0.005° C. 
Conductivity Measurements: Measurements of thermal conductivity are 
made on the sediment core samples aboard the research ship about one hour 
after the core has been extruded from the core tube. A thin probe is 
imbedded in the sediment and the temperature measured while the probe is 
heated at a constant rate. We use a probe about 6 cm in length and 0.8 mm 
in diameter that contains a 50 ft heater wire and a thermistor. The probe 
is inserted into the 2 1/2” sediment sample at an angle of about 45° to 
the long axis of the core. Six volts is applied to the heater and the 
temperature rise is recorded on a Varian strip-chart recorder for about 
two minutes. 
Reduction of Thermograd and Conductivity Data: The trace displace¬ 
ments on the 70 mm thermograd film record are read by means of a digitiz¬ 
ing table. The film is projected with a magnification of about 4X onto 
the surface of the table. The minimum digitizing increment of this table 
is 0.01". The digitized trace displacements corresponding to water and 
mud temperatures and instrument depth are entered on computer punch cards. 
The digitized film traces are reduced to temperature versus depth informa¬ 
tion by means of an IBM 1130 computer. 
The conductivity measurements are reduced by manually reading dis¬ 
placements from the strip chart records. Displacement versus resistance 
calibration, made on board ship, and temperature versus resistance cali¬ 
bration of the thermistor are used to reduce the displacements to 

7 
temperature. Readings are taken approximately every 10 seconds after the 
probe heater is turned on. These temperatures are then plotted versus the 
logarithm of time. The slope of these semi-log plots can be interpreted 
in terms of conductivity by means of the following relation. 
K = Q • ln(t2/tl.) 
4tt (T2 - Ti) 
where: 
Q = the heater power in cal/cm sec 
t2 and are times after heater turn-on usually 10 and 100 seconds 
T2 and T^ are temperatures at t^ and t2* 
PRESENTATION OF THE DATA: 
Summary Table: The thermal data relevant to the geothermal heat flux 
is given for each station in Table 1. 
The depths are given in corrected meters, determined by taking the 
depth indicated by the Precision Depth Recorder at the time of the core 
contact and correcting for the velocity of sound in water using Matthews 
(1939) tables. 
The gradient refers to the vertical gradient in the sediment usually 
determined from temperature measurements at the two deepest points in the 
sediment. Units are °C/10 m. 
The listed conductivity value is the harmonic mean of all measurements 
within the interval of gradient measurement. Units are mcal/°C sec cm. 
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Each conductivity measurement is followed by an UM" or "A" which 
indicate whether the value is based on measurements (M) or is assumed from 
nearby stations (A). 
Heat flow is the product of the gradient and the conductivity. The 
units are ycal/cm^sec. 
The evaluation is a subjective index applied by the authors to indicate 
the appraisal of the reliability of the temperature and conductivity measure¬ 
ments. The numbers are interpreted in Table 2. 
















41° 55’ 61° 21' 4193 0.40 2.20(A) 0.88 3 3 7 1966 
40° 33f 60° 49’ 4981 0.54 2.24 (M) 1.21 8 4 8 1966 
41° 31’ 45° 08' 4845 0.36 2.15(M) 0.77 10 9 13 1966 
43° 29’ 45° 15’ 3200 0.37 2.41(A) 0.89 4 10 14 1966 
o
 
00' 45° 03' 2803 0.49 2.43(M) 1.19 4 11 16 1966 
49° 38' 44° 57' 3372 0.34 2.50 (M) 0.85 10 12 19 1966 
51° 24’ 44° 36' 4120 0.38 2.36(M) 0.90 9 13 20 1966 
52° 06' 45° 27' 4230 1.50 2.20(A) 3.30 2 14 21 1966 
54° 12' 45° 58' 3667 0.81 1.97(M) 1.60 10 15 22 1966 
56° 04' 44° 33' 3259 0.73 2.03(M) 1.48 10 16 23 1966 
59° 46’ 39° 24' 2776 0.76 1.98(M) 1.50 10 19 27 1966 
60° 07’ 29° 09' 1141 0.81 1.72(M) 1.39 8 20 30 1966 
61° 25' 26° 01' 1426 1.79 1.75(M) 3.13 10 21 32 1966 
61° 52' 26° 22' 875 0.24 2.48(M) 0.60 7 22 33 1966 
62° 35' 26° 57' 1415 0.61 2.45(M) 1.49 10 23 34 1966 
62° 00’ 28° 41’ 1606 0.87 2.57(M) 2.23 10 24 35 1966 
62° 13' 28° 23’ 1634 0.18 2.20(A) 0.40 10 25 36 1966 
62° 31' 27° 58' 1540 2.24(M) 26 37 1966 
62° 40’ 27° 34' 1428 0.52 2.30(M) 1.20 10 27 38 1966 
62° 35’ 27° 46' 1465 0.19 2.05(M) 0.39 10 28 39 1966 
61° 43' 28° 45' 1609 0.03 2.20 (M) 0.07 10 29 40 1966 
61° 60’ 28° 14’ 1648 0.02 2.17 (M) 0.04 10 30 41 1966 
62° 11' 27° 56' 1511 0.25 2.32 (M) 0.58 10 31 42 1966 
61° 23’ 28° 03’ 1362 2.65(M) 32 43 1966 
| 61° 29' 27°. 53’ 708 0.69 2.37(M) 1.64 10 33 44 1966 














61° 38' 27° 35’ 1251 0.95 2.51(M) 2.38 10 34 45 1966 
61° 53’ 27° 45' 1348 0.74 2.44(M) 1.81 10 35 46 1966 
61° 36’ 28° 13' 1558 0.42 2.63(M) 1.10 10 36 47 1966 
62° 13' 27° 13' 1439 0.75 2.16(M) 1.62 10 37 48 1966 
60° 09' 29° 27’ 1097 0.59 2.30 (M) 1.36 10 38 49 
1966 
62° 23' 29° 09' 1134 0.34 2.39(M) 0.81 10 39 50 
1966 
60° 32' 28° 54’ 1088 0.80 2.06(M) 1.65 10 40 51 
1966 
59° 50' 29° 17' 1287 0.73 2.14(M) 1.56 10 43 54 
1966 
62° 52’ 27° 14' 1378 0.49 2.35 (M) 1.15 10 44 
55 1966 
74° 02' 7° 24' E 1928 1.90 2.35(A) 4.47 8 47 61 1966 
74° 54’ 1° 37' E 3713 rr 2* 92(M) - - 48 62 1966 
77° 57’ 0° 12' E 3052 0.71 2.89(M) 2.05 8 49 63 1966 
77° 52’ 7° 16' E 2531 0.29 2.60(A) 0.75 3 50 64 1966 
ON
 o 59' 7° 05' E 2941 1.94 2.42(A) 4.69 8 51 66 1966 
75° 36' 0° 17' E 2511 - 2.77(M) - - 52 67 1966 
72° 04' 1° 24' E 2360 2.86 2.24(A) 6.41 9 53 69 
1966 
70° 59’ 6° 41' E 3043 1.11 2.44(A) 2.74 8 54 
70 1966 
64° 48’ 1° 19' W 2930 0.32 2.55(A) 0.82 10 55 75 
1966 
63° 39' 1° 22' E 1743 0.13 2.55(A) 0.33 
5 56 76 1966 
60° 56’ 17* s 34'W 2445 2.62 (M 1 - 57 79 1966 
24° 07' 17 0 26’ 1934 *- 2.50 (M) - - 59 97 
1966 
23° 07' 19 ° 18' .3508 0.24 2.17 (M) 0.52 7 60 98 1966 
21° 18’ 22 ° 41' 4576 0.35 2.64(M) 0.92 8 61 100 1966 
18° 33’ 28 ° 09' 4649 0.63 2.87(M) 1.81 7 62 102 1966 
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17° 42' 29° 52' 4645 0.45 2.69(M) 1.21 8 63 103 1966 
17° 13' 32° 21' 4955 0.56 2.61(M) 1.46 9 64 104 1966 
17° 12' 35° 50' 5011 0.56 2.51(M) 1.41 7 65 105 1966 
17° 25’ 39° 01' 5104 1.12 2.36(M) 2.64 8 66 106 1966 
17° 24' 43° 14' 4369 - 2.65(M) - 0 67 108 1966 
17° 22' 45° 04' 4327 0.24 2.57(M) 0.62 8 68 109 1966 
17° 16' 46° 45' 2847 2.48 2.60(M) 6.45 9 69 112 1966 
17° 16' 47° 21' 4142 0.24 2.96(M) 0.71 9 70 113 1966 
22° 48’ 61° 40' 5740 - 2.52(M) - - 72 133 1966 
25° 58’ 60° 19' 5874 0.50 2.35(M) 1.18 6 73 135 1966 
27° 26' 61° 18' 5770 0.29 2.21(M) 0.64 8' 74 136 1966 
34° 25’ 60° 40' 4766 0.63 2.50(A) 1.58 7 75 141 1966 
36° 14' 65° 43' 4925 0.83 2.65(M) 2.20 7 76 142 1966 
37° 05' 69° 36’ 4314 0.52 2.54(M) 1.32 8 77 143 1966 
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TABLE 2: DEFINITION OF EVALUATION INDEX 
Estimated 
Index Error Range Reliability Remarks 
9-10 5-10% High Three or more sediment temps. 
7-8 10-15% Good Only two probes in sediment. 
Conductivity may be assumed. 
5-6 15-50% Fair Corer may have moved in sediment. 
Apparent shunting of thermistors. 
4 >30% Poor Only one probe in sediment. 
<3 — Unacceptable 
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Listings of the Data: Individual listings of the temperature and 
depth data are given for each station. Depths and corresponding in situ 
and potential temperatures (computed from Wust, 1961) are given. At some 
stations malfunction of either the water probe or pressure gauge obviated 
any measurement, in such cases the listing of water temperatures is omitted. 
Sediment conductivity values are listed with the depth of measurement 
in the sediment. Conductivity values followed by an "F" are measurements 
made in sediment sucked into the pipe by the piston after full penetration 
was reached. This sediment, "flow-in," is highly disturbed and measure¬ 
ments in it should not be used in calculating heat-flow values. 
Plots of Geothermal Data: The listed data for each station is pre¬ 
sented graphically on the page following the listings. A note about the 
conductivity presentation: each value is printed out at a depth corres¬ 
ponding to the distance from the top of the core to the point of measure¬ 
ment. This usually represents the true depth in the sediment within 
ilO cm. 
NOTES ABOUT THE GEOTHERMAL DATA: 
On the VEMA 23 Cruise a profile of thermograd stations, V23 9-16, 
was made across the southern end of the Labrador Sea. Another group com¬ 
prises a detailed survey on the Reykjanes Ridge V23 20-24. These measure¬ 
ments have been reported in Talwani e_t al. (1970). The Reykjanes Ridge 
measurements are notable in that most of the sediment temperature profiles 
were strongly influenced by relatively large changes in bottom-water 
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temperature. Other stations in the Atlantic show similar influences, e.g. 
stations 12, 13, 19, 60, 62, and 70. It should be stressed that the evalu¬ 
ation numbers given in Table 1 refer only to the reliability of the gradient 
and conductivity measurements and do not indicate any effects such as tran¬ 
sient heat flow that could affect the representativeness of the heat flow 
value of the region where the measurement was made. 
Stations V23 47-56 are in the Norwegian Sea. The measurements are 
the first reported in the eastern part of this sea. Three measurements 
near the mid-oceanic ridge have values well above the oceanic average. 
Conductivity measurements in the sediments in the Norwegian Sea are all 
abnormally high. We have reasons to believe that these high values are 
inaccurate and were due to a malfunction of the measuring equipment on the 
ship. Further geothermal measurements in the Norwegian Sea were made on 
VEMA 27 in 1969. The VEMA 27 conductivity values are consistently lower 
than the VEMA 23 values* The average of 18 VEMA 27 values is 2.51 mcal/cm 
sec°C. This average is significantly lower than the average of VEMA 23 
values. 
Water contents of sediment cores taken in the Norwegian Sea were made 
available by David Horn of this laboratory. The water content can be used 
to make an estimate of the thermal conductivity, K, through the empirical 
relation, 
K = (95 + 7.41 x W)”l (Lachenbruch and Marshall, 1967); 
where W is the water content. The average value of conductivity based on 
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the water content of 28 core samples is 2.65, which is in fair agreement 
with the VEMA 27 values. To calculate heat flow in Table 1 we have used 
assumed values of thermal conductivity based on nearby VEMA 27 stations. 
However, in the individual station listings and plots of conductivity 
values we have indicated the original value. 
The remainder of the stations V23 60-77 form a transatlantic profile. 
Several of these stations show evidence of transient disturbances as noted 
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TGRAD STATION V23 
WATER TEMPERATURES 
IN SITU POTENTI 
DEPTH TEMPERATURE TEMPERAT 
3252. 2.71 2.41 
3290. 2.68 2.38 
3308. 2.64 2.34 
3 535. 2.49 2.17 
3777. 2.41 2.06 
3964. 2.36 1.99 
4079. 2.35 1.96 
4078. 2.34 1.95 
4286. 2.33 1.91 
4522. 2.31 1.87 
4698. 2.31 1.84 
4734. 2.31 1.84 
4726. 2.31 1.84 
4736. 2.31 1.83 
4713. 2.31 1.83 
4823. 2.31 1.82 
4965. 2.32 1.81 
4970. 2.33 1.82 
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2436. 3.21 3.00 
2455. 3. 19 2.97 
2522. 3. 13 2.91 
2655. 3.03 2.80 
2771. 2.95 2.70 
2925. 2.82 2.56 
2959. 2.77 2.51 
3028. 2.74 2.47 
3125. 2.67 2.39 
3156. 2.63 2.35 
3376. 2.48 2.18 
3656. 2.36 2.03 
3872. 2.29 1.93 
4019. 2.25 1.87 
4042. 2.23 1.86 
4095. 2.22 1.84 
4096. 2.22 1.83 
4081. 2.22 1.84 
4119. 2.23 1.84 
4168. 2.22 1.83 
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TGRAD STATION V23-009 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
2623. 3.33 3.09 
2665. 3.29 3.05 
2704. 3.27 3.03 
2743. 3.27 3.02 
2979. 3.09 2.81 
3238. 2.93 2.63 
3442. 2.75 2.42 
3506. 2.69 2.36 
3517. 2.68 2.35 
3670. 2.59 2.24 
3691. 2.57 2.22 
3784. 2.52 2.16 
3883. 2.46 2.09 
4090. 2.37 1.98 
4292. 2.33 1.92 
4402. 2.31 1.88 
4384. 2.31 1.89 
4512. 2.32 1.87 
4731. 2.31 1.83 
4765. 2.30 1.82 
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TGRAD STATION V23-015 
WATER TEMPERATURES 
IN SITU POTENTIAL 
OEPTH temperature TEMPERATURE 
469. 4.00 3.97 
526. 3.93 3.89 
585. 3.87 3.83 
849. 3.73 3.67 
889. 3.73 3.66 
1074. 3.63 3.55 
1317. 3.59 3.48 
1455. 3.56 3.45 
1513. 3.58 3.46 
1608. 3.56 3.43 
1781. 3.52 3.37 
1859. 3.50 3.35 
1804. 3.50 3.35 
2105. 3.36 3.18 
2407. 3.17 2.96 
2690. 3.06 2.82 
2773. 3.06 2.81 
2811. 3.05 2.80 
2903. 3.00 2.74 
2940. 2.99 2.73 
2928. 2.97 2.70 
2972. 2.96 2.69 
3092. 2.87 2.59 
3298. 2.73 2.43 
3353. 2.73 2.42 
3384. 2.67 2.36 
3507. 2.60 2.28 
3505. 2.60 2.27 
3478. 2.59 2.27 
3481. 2.60 2.28 
3481. 2.61 2.28 
3475. 2.60 2.28 
3474. 2.61 2.29 
3519. 2.57 2.24 
3564. 2.52 2.19 
































































































































































































































































































































































































































































































































TGRAD STATION V23-020 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
588. 6.27 6.22 
642. 5.97 5.91 
709. 5.53 5.46 
868. 4.92 4.85 
1046. 4.47 4.38 
1065. 4.41 4.32 
1055. 4.43 4.34 
1048. 4.44 4.35 
1043. 4.43 4.35 
1065. 4.40 4.31 























































742. 6.26 6.19 
801. 5.88 5.80 
864. 5.60 5.52 
1078. 4.74 4.64 
1283. 3.97 3.86 
1321. 3.92 3.81 
1310. 3.95 3.84 
1307. 3.95 3.84 
1330. 3.90 3.79 





















































516. 6.03 5.99 
598. 5.75 5.69 
663. 5.54 5.48 
942. 4.67 4.59 
1263. 4.11 4.01 
1280. 4.22 4.11 
1333. 4.19 4.08 
1330. 4.18 4.07 
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413. 6.36 6.33 
498. 6.15 6.10 
523. 5.88 5.83 
871. 4.71 4.64 
1108. 4.26 4.17 
1164. 4.28 4.18 
1313. 4.08 3.98 
1294. 4.07 3.96 
1343. 4.07 3.96 
1371. 4.04 3.93 
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276. 5.76 5.74 
323. 5.57 5.54 
389. 5.48 5.45 
709. 4.58 4.52 
1072. 4.11 4.02 
1319. 4.02 3.91 
1322. 4.00 3.88 
1333. 4.01 3.90 
1385. 4.00 3.88 
1313. 4.00 3.89 
1347. 3.99 3.87 










































TEMPERATURE ( C ) 












663. 5.72 5.66 
770. 5.55 5.48 
779. 5.16 5.09 
1015. 4.25 4.17 
1209. 4.05 3.95 
1408. 4.01 3.90 
1459. 4.01 3.88 
1468. 3.99 3.87 
1493. 4.00 3.87 
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TGRAD STATION V23-030 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
A 15 • 6.36 6.32 
466. 5.60 5.56 
547. 5.46 5.41 
869. 4.31 4.24 
1033. 4.02 3.94 
1177. 3.98 3.88 
1345. 3.93 3.82 
1476. 3.92 3.80 
1500. 3.93 3.80 
1509. 3.94 3.81 
1541. 3.94 3.81 
1585. 3.91 3.78 






























































































































































TGRAD STATION V23 32 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
290. 6.37 6.35 
348. 6.26 6.23 
408. 6.06 6.03 
605. 5.40 5.35 
632. 5.36 5.31 
834. 4.68 4.61 
877. 4.46 4.38 
1120. 4.39 4.29 
1152. 4.38 4.28 
1134. 4.38 4.28 
1250. 4.31 4.21 
1254. 4.31 4.21 
1276. 4.31 4.20 
















































254. 6.32 6.30 
443. 5.77 5.73 
505. 5.46 5.41 
588. 5.28 5.23 
669. 5.04 4.99 
1030. 4.56 4.47 
1073. 4.42 4.33 
1149. 4.45 4.35 
1160. 4.43 4.34 
1190. 4.44 4.33 
1192. 4.44 4.34 




































































































































TGRAD STATION V23-035 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
454. 5.57 5.53 
542. 5.41 5.36 
615. 5.16 5. 10 
865. 4.46 4.39 
1053. 4.20 4.11 
1173. 4.14 4.04 
1164. 4.13 4.03 
1180. 4. 12 4.02 
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TGRAD STATION V23-036 
WAT^8 TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
591. 6.24 6.18 
657. 5.80 5.74 
710. 5.37 5.31 
767. 5.33 5.26 
830. 5.17 5.10 
864. 4.72 4.64 
1000. 4.43 4.35 
1180. 4.31 4.21 
1232. 4.29 4.18 
1377. 4.14 4.02 
1414. 4.13 4.00 
1433. 4. 12 4.00 
1457. 4.08 3.96 
















































TEMPERATURE ( C ) 
88 
23456783 
MMjMII lllljllll ! II11II11 TTTTJTTTT 
M- 
X4 






T G R / 
V 
^ 0 STA' 
23-031 
T I ON 
— 
♦ 
SEI f LOOK 
■ 2*34 
■ 2*02 













imlllll IIII Imi miliiii 

89 







319. 6.45 6.42 
368. 6.18 6.15 
428. 6.02 5.98 
648. 5.25 5.20 
714. 5.14 5.08 
773. 5.01 4.94 
823. 4.80 4.73 
1011. 4.46 4.38 
1164. 4.37 4.27 
1326. 4.23 4.12 
1326. 4.24 4.13 
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TGRAD STATION V23-038 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
443. 6.16 6.12 
529. 5.95 5.90 
687. 5.34 5.28 
764. 5.03 4.96 
909. 4.75 4.67 
960. 4.80 4.72 
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TGRAD STATION V23-047 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
349. 1.15 1.14 
391. 1.02 1.00 
427. 0.80 0.78 
509. 0.04 0.02 
728. -0.48 -0.50 
911. -0.67 -0.70 
1156. -0.81 -0.85 
1203. -0.87 -0.91 
1214. -0.86 -0.90 
1443. -0.90 -0.96 
1441. -0.91 -0.96 
1565. -0.93 -0.99 
1575. -0.92 -0.99 
1752. -0.93 -1.00 
1783. -0.92 -1.00 











4.00 3.19 F 
5.00 2.52 F 
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TGRAD STATION V23-049 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
149. 1.27 1.26 
141. 1.27 1.26 
190. 1.18 1.18 
237. 1.13 1.12 
373. 0.38 0.37 
747. -0.53 -0.56 
881. -0.69 -0.72 
1230. -0.84 -0.88 
1236. -0.83 -0.87 
1584. -0.90 -0.97 
1924. -0.92 -1.01 
2261. -0.92 -1.03 
2495. -0.95 -1.07 
2530. -0.95 -1.07 
2671. -0.95 -1.08 
2920. -0.99 -1.14 
2916. -0.99 -1.14 
2916. -0.98 -1.13 
2918. -0.98 -1.13 













9.00 3.01 F 
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72. 1.33 1.33 
178. 1.16 1.16 
229. 0.89 0.88 
466 • -0.06 -0.08 
482. -0.09 -0.11 
708. -0.58 -0.60 
1014. -0.79 -0.83 
1273. -0.86 -0.91 
1287. -0.87 -0.92 
1561. -0.90 -0.96 
1758. -0.90 -0.97 
1965. -0.88 -0.97 
2202. -0.86 -0.96 
2218. -0.86 -0.96 
2224. -0.86 -0.96 
2238. -0.87 -0.97 
2364. -0.83 -0.94 
2435. -0.84 -0.95 
2457. -0.84 -0.96 
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TGRAD STATION V23-053 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
162. 1.25 1.25 
286. 0.81 0.79 
345. 0.46 0.45 
474. -0.06 -0.08 
806. -0.53 -0.56 
1028. -0.69 -0.73 
1372. -0.84 -0.89 
1693. -0.87 -0.94 
1811. -0.89 -0.97 
1900. -0.90 -0.99 
2123. -0.92 -1.02 
2234. -0.93 -1.03 
2200. -0.92 -1.02 
2208. -0.91 — 1 • 01 











6.00 3.67 F 
8.00 3.39 F 
10.00 3.22 F 
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115 







817. 1.17 1.12 
879. 0.65 0.61 
982. 0.36 0.32 
1073. -0.05 -0.09 
1240. -0.50 -0.55 
1473. -0.73 -0.79 
1668. -0.85 -0.92 
2056. -0.96 -1.05 
2047. -0.94 -1.03 
2378. -1.00 -1.11 
2660. -0.97 -1.11 
2795. -0.96 -1.10 
2882. -0.97 -1.12 
2856. -0.96 -1.10 
2872. -0.95 -1.10 











5.00 3. 10 
7.00 2.98 
9.00 4.11 F 
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1269. 6.26 6.13 
1350. 6.20 6.06 
1507. 5.73 5.58 
1648. 5.32 5.16 
1824. 4.94 4.77 
1862. 4.85 4.67 
1838. 4.79 4.62 
1834. 4.79 4.61 
1847. 4.93 4.75 
1850. 4.86 4.68 
1857. 4.89 4.71 






7.00 2.53 F 

































TGRAD STATION V23 060 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
1016. 6.48 6.38 
1035. 6.24 6.14 
1147. 5.83 5.72 
1326. 5.44 5.31 
1352. 5.46 5.33 
1381. 5.28 5.15 
1491. 5.06 4.92 
1527. 4.99 4.85 
1627. 4.47 4.33 
1636. 4.41 4.26 
1612. 4.43 4.28 
1852. 3.91 3.74 
2049. 3.61 3.43 
2214. 3.37 3.17 
2318. 3.31 3.10 
2289. 3.30 3.10 
2390. 3.20 2.99 
2576. 2.97 2.75 
2747. 2.89 2.65 
2905. 2.82 2.56 
2883. 2.80 2.55 
3048. 2.70 2.43 
3248. 2.63 2.34 
3388. 2.55 2.24 
3402. 2.56 2.25 
3313. 2.60 2.30 
3390. 2.56 2.25 
3417. 2.55 2.24 
3403. 2.56 2.25 
3432. 2.54 2.23 
3474. 2.54 2.22 
3516. 2.50 2.18 
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TGRAD STATION V23-063 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE temperature 
908. 6.06 5.97 
1003. 5.78 5.68 
1001. 5.77 5.67 
1031. 5.72 5.63 
1074. 5.66 5.55 
1302. 5.13 5.01 
1449. 4.78 4.65 
1437. 4.70 4.57 
1650. 4.18 4.04 
1846. 3.81 3.65 
2046. 3.56 3.38 
2175. 3.39 3.20 
2184. 3.35 3.16 
2375. 3.17 2.96 
2577. 3.03 2.80 
2780. 2.92 2.67 
2836. 2.87 2.62 
2861. 2.85 2.60 
3049. 2.74 2.46 
3239. 2.64 2.34 
3375. 2.57 2.26 
3496. 2.47 2.15 
3517. 2.46 2.14 
3712. 2.39 2.05 
3887. 2.37 2.00 
4042. 2.35 1.97 
4114. 2.35 1.96 
4123. 2.34 1.95 
4217. 2.34 1.93 
4388. 2.35 1.92 
4537. 2.37 1.92 
4565. 2.36 1.91 
4 5 74. 2.37 1.91 
4558. 2.38 1.93 
4647. 2.36 1.90 
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TGRAD STATION V23-064 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE temperature 
885. 6.05 5.96 
1023. 5.64 5.54 
1102. 5.56 5.45 
1186. 5.26 5.15 
1409. 4.89 4.76 
1646. 4.31 4.16 
1797. 3.99 3.83 
1825. 3.78 3.62 
2068. 3.50 3.32 
2284. 3.23 3.03 
2355. 3.18 2.98 
2481. 3.09 2.88 
2615. 2.97 2.75 
2648. 2.94 2.71 
2688. 2.93 2.69 
2909. 2.78 2.52 
3086. 2.67 2.40 
3351. 2.53 2.23 
3336. 2.52 2.22 
3506. 2.48 2.16 
3728. 2.42 2.07 
3894. 2.39 2.02 
4072. 2.37 1.98 
4072. 2.36 1.97 
4255. 2.34 1.93 
4440. 2.34 1.90 
4634. 2.34 1.88 
4688. 2.35 1.88 
4751. 2.33 1.85 
4801. 2.34 1.85 
4796. 2.34 1.85 
4792. 2.32 1.84 
4829. 2.33 1.84 
4894. 2.31 1.81 
4909. 2.33 1.83 
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TGRAD STATION V23-073 
WATER TEMPERATURES 
IN SITU POTENTIAL 
DEPTH TEMPERATURE TEMPERATURE 
1188. 5.38 5.27 
1266. 5.18 5.06 
1319. 4.95 4.83 
1472. 4.55 4.42 
1730. 4.09 3.94 
1971. 3.68 3.51 
2216. 3.44 3.24 
2480. 3.23 3.01 
2884. 3.13 2.87 
2981. 3.03 2.76 
3049. 2.95 2.67 
3165. 2.85 2.56 
3289. 2.76 2.46 
3634. 2.76 2.42 
3970. 2.65 2.26 
4383. 2.57 2.13 
4867. 2.54 2.03 
5342. 2.41 1.84 
5588. 2.37 1.76 
5584. 2.37 1.77 
5790. 2.38 1.74 
5824. 2.38 1.74 
5811. 2.40 1.76 
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